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THE EFFECT OF BEDREST O N  VARIOUS PARAMETERS 

OF PHYSIOLOGICAL FUNCTION 

PART IX. THE EFFECT ON THE VITAL SIGNS AND CIRCULATORY DYNAMICS 

By C. Vallbona, M.D. , W. A. Spencer, M.D., F. B. Vogt, M. D. , 

and D. Cardus, M. D. 

ABSTRACT 
A3502 

This study was carried out to evaluate i f  periods of 3 days and of 14 days of 
bedrest would produce changes in the vital signs and in the duration of phases of the 
cardiac cycle. The results of 3 days indicated no obvious signs of circulatory 
“deconditioning”. When bedrest lasted 14 days, there was a trend for the blood 
pressure to increase throughout confinement. Circadian rhythms i n  the cardiac 
dynamics were detected. The values of the systolic and isotonic ratios and of the 
pulse wave velocity suggest a slight degree of stress under the conditions of the 
experiment. A program of isometric exercises during bedrest caused cardiodynamic 
changes which are strongly suggestive of greater stress. 
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FOREWORD 
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Dr. Vogt, Department of Rehabilitation; and Dr. Cardus, Departments of Rehabilitation 
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to Dr. M. T. de Caralt for the preparation of graphs; and to M i s s  S. Beggs, Mrs. 
L. Shropshire, and Mr. T. Al len for the editing and preparation of the report. 
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THE EFFECT OF BEDREST ON VARIOUS PARAMETERS 

tuations in the duration of the various phases of the cardiac cycle, and it was con- 
cluded that under the conditions of this study the subjects were slightly under stress. 

t 

I OF PHYSIOLOGICAL FUNCTION 

I PART IX. THE EFFECT ON THE VITAL SIGNS AND CIRCULATORY DYNAMICS 

I By C. Vallbona, M.D., W. A. Spencer, M.D., F. B. Vogt, M. D., 

and D. Cardw, M. D. 

SUMMARY 

This study was carried out to evaluate i f  short term (3 days) and long term 
, (14 days) bedrest would produce changes in the vital signs as well  as i n  the duration 

of the cardiac cycle and i t s  phases. A program of isometric exercises during bedrest 
was also evaluated to see i f  it would offset the possible cardiovascular effects of 
rec um ben cy. 



that the changes reflect a cholinergic effect that results in prolongation of the iso- 
metric phase of the contraction and a decrease in the resting heart rate. Prolonged 
bedrest may produce an effect opposite to physical training, and from a theoretical 
standpoint it would result in a shortening of the isometric phase of the contraction 
and an over-all shortening of the duration of the mechanical systole. These are 
changes observed under the influence of epinephrine,5,6 and they are considered 
manifestations of an adrenergic reaction. 

, 

The purpose of this report i s  to present the results of experiments performed 
to evaluate if a physiological effect of bedrest would be manifested by changes in  
the vital signs as well as i n  the duration of the cardiac cycle and its phases. A 
program of isometric exercises during bedrest was also evaluated to see i f  i t  would 
offset the possible cardiovascular effects of recumbency. 

METHOD 

A. S u b j e c t s  

A total of thirteen hea thy subjects participated in these s t u d  es. Their phy- 
sical characteristics are summarized in. Table 1. Six subjects participated i n  the f i rs t  
study which included two periods of three days of bedrest. Another group of seven 
men participated in the second study which included two periods of 14 days of bed- 
rest. Five men took part i n  both periods of this second study; one participated i n  
the first only and was replaced in the second period. One subject who participated 
in both periods of this second study requested dismissal at the end of 13 days because 
he was asked to return home for an emergency. 

The second period of bedrest of each study had exactly the same experimental 
conditions as the first, with the exception of a program of isometric exercise which 
was carried out in the supine position. 

B. E x p e r i m e n t a l  c o n d i t i o n s  

The six subjects who participated in the first study (Study I) were admitted to 
the Immobilization Research Center at the Texas Institute for Rehabilitation and 
Research on April 30, 1963 and were kept under observation for a period of five days. 
The subjects slept and had their meals in the hospital. They were on a diet of 100 
grams of protein, 1000 milligrams of calcium, and 2300 calories. Intake and output 
were carefully recorded. 
wished. 
They were allowed to move freely i n  the horizontal position but were under constant 

The subjects drank as much distilled water as they 
After these days of observation, they remained in  bed for three days. 
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TGO* 

MGO 

DC 

CLB** 

CP 

21 

24 

24 

24 

34 

TABLE 1 

SUBJECTS PARTICIPATING IN STUDY I 
TWO PERIODS OF THREE DAYS OF BEDREST 

TlRR 
b'ect No ?A____ - 1--. 

70-0-01 1 
70-0-06 

70-0-07 

70-0-08 

70-0-09 

70-0- 10 

R N M  

WRS 

TH L 

R G W  

_. 

70-0-1 1 

70-0- 1 2 

70-0- 1 3 

70-0- 14 

70-0- 16 

70-0- 17 

70-0- 1 8 

Age 
Y-- ears) 

27 

39 

21 

21 

37 

40 - 

Height 
centimeters) 

183.0 

177.8 

.-__-I 

177.8 

190.5 

180.4 

175.2 

Weight 
kilograms) 

81.8 

75.0 

72.7 

75.0 

78.1 

76.8 

Body Surf ce 
Area (m 9 

2.04 

1.92 

1.90 

2.02 

1.98 

1.92 

SUBJECTS PARTICIPATING IN STUDY II 
TWO PERIODS OF FOURTEEN DAYS OF BEDREST 

~~ 

Usual 
- Occupation ------- 

New sw r i  ter 

Oil refinery process 
operator (on strike) 

Clerk 

Student 

Oil refinery process 
operator (on strike) 
Oil refinery process 
operator (on strike) 

188.0 

177.8 

180.4 

185.5 

180.4 

ACI*** I 22 I 165.0 

62.7 

79.2 

79.2 

75.0 

85.7 

77.0 

50.0 

1.73 

2.06 

1.97 

1.94 

2.10 

1.97 

1.54 

~~ ~ ~~~ 

Student(ath1ete) 

Student 

S t ude n t (at h I et e) 

Student 

Student counselor 

S c hoo I teach e r 

S t ude n t (at h I et e) 

* 
** 
*** 

Participated in  first period only (fourteen days of bedrest) 
Had to be dismissed on the thirteenth day of bedrest of the second period 
Participated in  second period only (fourteen days of bedrest with isometric 

exercise) 
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surveillance to prevent the raising of their legs or trunk above the horizontal posi- 
& 

tion. They were allowed one pil low under the head. Meals and emunctory functions 
were performed in the horizontal position. Following this first period of bedrest the 
subjects were kept under observation for an additional three days; they were on the 
same diet and the same conditions existed as before bedrest. The subjects were dis- 
missed on May 11, 1963. They were readmitted on May 15,1963 and were kept 
under observation for five days; they were on the same diet and the same conditions 
existed as before the first period of bedrest. The second period of bedrest lasted three 
days also. 
program of isometric exercises that was carried out in the horizontal position four 
times a day at two hour intervals. 
pital for an additional two days of observation. 

It had the same characteristics as the first period with the exception of a 

Following bedrest, the subjects were i n  the hos- 

The experimental conditions of the second study (Study II) were similar to 
those of the first with the following exceptions. The subjects remained under obser- 
vation for seven days before bedrest and for four days after bedrest. The duration of 
bedrest was 14 days. The program of isometric exercises in the second period of 
Study I I  was carried out six times a day. Bedside monitoring during bedrest was less 
intensive in the second study. Hematologic and serum biochemical measurements 
were made less frequently. 

C. P r o c e d u r e  

During the two periods of immobilization each subject had chronically applied 
electrodes for recording the electrocardiogram and the impedance pneumogram. The 
electrodes were the NASA Mercury type and were affixed to the skin by means of 
adhesive tape. Sensors for detecting carotid and radial pulses and heart sounds were 
attached to the subject prior to each period of monitoring. Arterial blood pressures 
were monitored by a cuff-microphone technique that was automatically cycled every 
30 seconds. Electrodes and sensors were connected to signal conditioners i n  a mobile 
cabinet. The electrical signals were transmitted by a connecting cable to a central 
console where the physiological data were displayed on an oscilloscope and perman- 
ently recorded on magnetic tape. 
minutes during each monitoring interval. 

The minimum duration of the recordings was two 

In the first study (three days of bedrest), monitoring began at 7 p.m. on 
May 6, 1963 and was repeated every four hours for three days. 
period of immobilization, the first monitoring took place at 7 p.m. on May 20,1963 
and was repeated every four hours for three days. In the second study (fourteen days 
of bedrest), monitoring was done at less frequent intervals, but on the seventh and 
eighth days of the first period, the subjects were monitored every four hours. O n  
most of the other days monitoring was done at intervals of 12 hours. 

During the second 
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& '  The oral temperatures of the subjects were measured by means of a clinical 
thermometer at 7 a.m. and 7 p.m. on the days of the second period of the three 
day study and each time of monitoring of the fourteen day study. 

D. A n a l y s i s  o f  d a t a  

The electrocardiogram, impedance pneumogram, arterial blood pressure, 
and cardiotachogram were played back from magnetic tape onto a rectilinear 
Physiograph-Six operated at a paper speed of 0.25 centimeters per second (first 
study) and on an Offner Dynograph recorder (second study). Determinations were 
made of the heart rate, respiratory rate, and systolic and diastolic blood pressures 
(every 30 seconds) for each subject during every session of monitoring. An average 
was obtained of a l l  the measurements made on each subiect at each session of 
mon i toring. 

The electrocardiogram, phonocard iogram , and carotid and rad ia I pressure 
pulse recordings were played back on a CEC oscillograph recorder at a paper speed 
of 13.7 centimeters per second (first study) and on an Offner Dynograph recorder 
at a speed of 12.5 centimeters per second (second study). On each of 20 consecu- 
tive beats, digital readouts were made at the onset of the QRS, at the onset of the 
carotid pulse, at the onset of the radial pulse, at the onset of the second heart 
sound, and at  the onset of the dicrotic notch. These digitized data permitted com- 
putation of the total duration of the mechanical systole, of the diastole, and of the 
isometric and isotonic phases of systole according to a method that has been proposed 
by numerous invest iga'tors. 7,8,9, "1 11 
was computed beat by beat from the measurements of the delay between the onset of 
the carotid and radial pressure pulse tracings and the measurement of the distance 

Simultaneously, the pulse wave velocity 

between the two sensors. 12 

In order to understand the significance of the changes in  the duration of the 
phases of the cardiac cycle, i t  i s  necessary to take into consideration the variations 
that normally result with a change in cardiac frequency. 
causes a shortening of both the isotonic and isometric phases of systole and 
diastole. 
increase in  cardiac frequency and the shortening of the systole (and its isotonic 
and isometric phases), it i s  possible to calculate the extent of individual and 
group departures from this relationship throughout the period of study. * The 
observed-predicted systolic and isotonic ratios expresse h degree of these 
departures. The regression equation proposed by Hegglin ji, r4 was used to predict 
the values of the duration of systole. The calculations of the predicted duration 
of the isotonic phase were based on the formula proposed by Blumberger. l 5  The 
quotient duration of the isotonic phase / duration of the isometric phase has been 
referred to as the hemodynamic ratioJ6 and i t  has been found to decrease when 

*This analytical treatment of the data had been suggested to us by Dr. 0. Vogel 
in previous studies of the duration of systole in patients with poliomyelitis. 

An increase in heart rate 

Since information i s  available on the quantitative relationship between 
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there i s  a drop i n  cardiac output. 5, 81  9,  1 1  16 It  was possible to calculate this 
ratio in each subject since the duration of the isotonic and isometric phases of 
the contraction had been measured. 

\ 

Statistical analysis of the vital signs and circulatory dynamics was carried 
out for the group of six subjects who participated i n  each period. 

RESULTS 

Table A1 gives the means and standard deviations of the values of vi tal 
signs for the group of six subjects at each period of monitoring. 

TablesA2 and A3 show the means and standard deviations of the pulse wave 
velocity and of time intervals of the cardiac cycle for the group of six subjects at 
each period of monitoring. 

Figures 1 and 2 show the changes in  average values of vital signs through- 
out the periods of bedrest. The values of the periods of bedrest with isometric 
exercise are shown in  red. 

Figures 3 and 4 display the fluctuations i n  the systolic and isotonic ratios 
throughout the two studies. 
exercise are shown in  red. 

The values for the periods of bedrest with isometric 

Figures 5 and 6 present the plots of the average values of the duration of 
the cardiac cycle and i t s  phases as they were actually measured throughout the 
first period of each study. The fluctuations depicted i n  these figures are greater 
than those of figures 3 and 4 because of the effects brought about by the changes 
in cardiac frequency. 

A. R e s u l t s  o f  t h e  f i r s t  s t u d y  ( t h r e e  d a y s  o f  b e d r e s t ) .  

The values of body temperature obtained in the second period of this 
study were always within normal limits and showed the expected circadian varia- 
tions, with higher values i n  the evening hours. The failure to obtain temperature 
measurements in the first period precludes the establishment of any significant dif-  
ference between the two periods. 

The heart rate fluctuated very l i t t le  throughout the two periods of recum- 
bency. There were high values immediately after the first t i l t  in the first period, 
but the rate reached a steady state i n  12 hours. The init ial  drop i n  cardiac fre- 
quency occurred also in the second period, but the starting values were not as 
high. The cardiotachometric tracings obtained in  these individuals showed ob- 
vious fluctuations in the instantaneous heart rate. Some fluctuations showed a 
long periodicity; others seemed to occur at random; and in many instances, there 
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Figure 1 

Average fluctuations of the vital signs during three days of bedrest (Study I Period 1) 
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Figure 2 

Average fluctuations of the vital signs during fourteen days of bedrest (Study11 Period 1) 
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Average fluctuations of cardiac dynamics during three days of bedrest (Study 1 Period 1) 
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I -  

was a respiration-heart rate response. In the majority of the subjects the respira- 
tion-heart rate response was more prominent after midnight, even though the aver- 
age heart rate remained the same. 

’ 

The respiratory rate was stable in both periods, but i t  too showed circadian 
rhythm with higher values in the evening. The values in the second period of bed- 
rest were slightly higher, but the differences were not significant, except for two 
occasions. 

The measurements of blood pressure remained within normal limits in both 
periods. The systolic pressure showed a trend down in the first period with a 
marked decrease in differential pressure after the first 24 hours. This dawnward 
slope may represent a return to normal from the higher values at the beginning of 
bedrest rather than a drop from normal to lower values at the end. The diastolic 
blood pressure remained remarkably constant and essentially similar i n  both periods, 
although the values were slightly higher at the beginning of the first period. 

The pulse wave velocity exhibited marked fluctuations in both periods. A 
circadian rhythm could not be demonstrated. The values of the pulse wave velo- 
ci ty were within normal limits i n  the first 36 hours of the first period, but a subtle 
rise i n  the values at the end of this period suggested a trend upward. The values 
in the first 36 hours of the second period were significantly higher (~(0.05)  than 
in  the first. There was no apparent correlation between the pulse wave velocity 
and the systolic or diastolic blood pressures. 

The duration of the systole and diastole fluctuated according to the changes 
in the heart rate (figure 5). When these rate changes were taken into consideration 
to determine the quotients of the observed and predicted systole, i t  became clear 
that the ratios remained within normal limits throughout the two periods. There was 
a clear circadian fluctuation of the values, w i t h  the lowest occurring in the even- 
ing hours (figure 3). 

B .  R e s u l t s  o f  t h e  s e c o n d  s t u d y  ( 1 4  d a y s  o f  b e d r e s t )  

The temperature fluctuated at about the same average level, with a clear- 
cut circadian rhythm. The evening temperatures were about one degree Fahrenheit 
higher than the morning. 

The heart rate likewise failed to show any trend in the first period. It 
fluctuated about an average of 60 beats per minute and demonstrated a circadian 
rhythm, the lowest values being obtained in the morning. 

The systolic blood pressure fluctuated along a stable value of about 120 
millimeters of mercury. A circadian rhythm was also clearly established, the even- 
ing values being greater than in the morning. By the f i f th day of bedrest, there 
seemed to be a trend down in  the systolic blood pressure, but the trend reversed 
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during the 48 hours of intensive monitoring (on the seventh and eighth days of bed- 
rest). In the last two days of bedrest, the systolic pressure was significantly higher 
than at the beginning of bedrest. The diastolic blood pressure failed to reveal a 
clear-cut periodicity, although a circadian rhythm was suggested in the two days 
of intensive monitoring. The trend of the diastolic blood pressure also seemed to 
be down at the end of the f i f th day of bedrest, but i t  was reversed at the time of 
intensive monitoring. 
again in parallel to the increase in the systolic values until the day when the sub- 
jects were taken off of bedrest. 

I t  dropped to control values on the eleventh day, to rise 

The respiratory frequency remained stable throughout the period of monitor- 
ing, and the values fluctuated around an average of 19 breaths per minute. A 
circadian variation in the respiratory frequency was detected on al l  the days when 
monitoring was done in the morning and in the evening. 

The vital signs were measured less often in the second period of this phase, 
but on the days when morning and evening values were obtained they also showed 
a circadian variation. 
manifest i n  the second period. In parallel, the systolic and diastolic blood pres- 
sure followed a trend upward which seemed to be consistent throughout this period 
of study. The respiratory rate remained stable around a value of 19 breaths per 
minute with a clear-cut circadian rhythm on the days that monitoring was done 
twice a day. 

It i s  interesting that a trend upward of the heart rate was 

The average values of the observed-predicted systolic ratios and of the ob- 
served-predicted isotonic ratios obtained throughout the first peiiod of the second 
study clearly show a circadian rhythm, with the lowest values of the ratios occur- 
ring during the monitoring session of the evening. A statistical test carried out to 
compare the difference between the morning and evening values showed that the 
difference was highly significant (p<O.Ol). O n  the days when the monitoring was 
intensive (every four hours), the circadian rhythm could be clearly delineated. I t  
i s  interesting also that the values of these ratios were consistently lower than 1 .O 
throughout the period of bedrest. 
finement in bed. These findings are i n  perfect agreement with observations that 
were made in the first phase of the study(when the bedrest was conducted over a 
period of 3 days). 

The ratio became higher than 1.0 after the con- 

The values of the pulse wave velocity fluctuated in a manner similar to 
the first phase. 
velocity in the course of the first period. The values were on the lower side of 
normal before putting the individuals in bed, but as bedrest progressed the pulse 
wave velocity became significantly faster (p<0.05). After bedrest, there was 
again a drop of the pulse wave velocity to values comparable to prebedrest. 
pulse wave velocity exhibited also a circadian rhythm with higher values i n  the 
evening, but the differences were not as consistent or statistically significant as 
the changes in the phases of the cardiac cycle. 

There was an unquestionable trend upward of the pulse wave 

The 
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’ DISCUSSION 

Differences in the experimental conditions between the first and the second 
studies warrant a separate discussion of the results. 

A. The e f f e c t  o f  t h r e e  d a y s  o f  b e d r e s t  

Analysis of the vital signs i n  the two short periods of bedrest (one without 
exercise and one with exercise) failed to indicate any obvious signs of “cardio- 
vascular deconditioning. ” It i s  possible that the short duration of this study failed 
to bring into evidence the gradual increase in the cardiac frequency that had been 
observed in previous studies, 112 and that was suggested also in the results of the 
study of fourteen days of bedrest. 

The circadian fluctuations that were observed in the heart rate and in  the 
systolic and isotonic ratios reflect possible differences in the vagal and sympathetic 
tone in the course of 24 hours. As has been indicated previously, the majority of 
the subjects had a more prominent respiration-heart rate response after midnight. 
This reflected a possible increase in  the vagal tone of these individuals during the 
night and correlates with the nocturnal prolongation of the t ime of the mechanical 
systole including both its isotonic and isometric phases. 

The meaning of the higher readings of the systolic and diastolic blood pres- 
sures immediately after starting the first period of bedrest i s  not clear. 
pressure readings coincided with higher values of heart rate, an adrenergic reaction 
of excitement could be incriminated; but i f  such occurred, i t  did not cause a con- 
comitant shortening of the systole. 

Since the 

The trend upward of the pulse wave velocity in the first period and the 
higher values in the second period may reflect an increased peripheral resistance 
resulting from an adrenergic response; but i f  this was the mechanism, i t  failed to 
cause a substantial rise in the diastolic blood pressure. I t  i s  possible that the 
pulse wave velocity i s  a more sensitive indicator of an increase in peripheral 
resistance and occurs earlier than the rise in diastolic blood pressure. 
b i l i ty  of an error in the measurements of the pulse wave velocity cannot be ex- 
cluded. If i t  did occur, i t  was consistently the same, since the standard devia- 
tion of the values of this study i s  even smaller than that of a previous investigation 

The possi- 

i n  healthy subjects in this laboratory. 12 

The values of the observed-predicted ratio of systole were significantly 
shorter i n  the second period. A circadian rhythm could be identified in this period 
also. A shortening of the duration of the mechanical systole, accompanied by a 
proportional shortening of both the isotonic and isometric phases, occurs as the 
cardiac frequency increases. However, a shortening in excess of that predicted 
for the increase in  rate occurs under the influence of adrenergic agents5161 1 1  or 
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digitalis. l 4  In addition to a positive inotropic effect, i t  i s  l ikely that these agents 
speed up the metabolic reactions of the myocardium during systole. Cholinergic 
agents produce the opposite effect which results in an increase in  the ratio between 
observed and predicted systole. The fact that the ratios were lower i n  the second 
period suggests that the subjects may have been under a greater influence of adre- 
nergic factors than in  the first period. 
affected, i t  i s  tempting to speculate that the systole quotient may be a more sensi- 
tive indicator of stress than the other circulatory dynamics evaluated in this study. 
The finding and the interpretation are i n  agreement with the observed increase in 
the pulse wave velocity in the second period. 

, 

Since the arterial blood pressure was not 

Subject W. S. (TIRR #70008) consistently showed lower values of the dura- 
tion of systole and of the isotonic phase than predicted for the respective heart rate. 
This effect was more pronounced in the second period. I t  i s  interesting to note that 
this subject exhibited orthostatic hypotension even before the first bedrest period. 
Paradoxically, this subject had bradycardia persistently and the lowest blood pres- 
sure values of the group of subiects. In addition, he had a prominent respiration- 
heart rate response. Since these are manifestations of an increased vagal tone, a 
prolonged systole would be expected; but i t  i s  conceivable that i n  response to his 
vagal tone, there was a compensatory release of catecholamines. It i s  also con- 
ceivable that the level of catecholamines was ineffectual at the arteriolar level, 
but effective in producing a positive inotropic effect i n  the myocardium and a 
subsequent shortening of the systole. A teleological interpretation could be that 
the shorter systole allowed for greater time for ventricular f i l l ing to compensate 
for the diminished venous return secondary to a low peripheral resistance or to a 
low circulating blood volume. The diff iculty of obtaining reliable measurements 
of blood volume in the first phase precludes the confirmation of this point. The 
measurement of cardiac dynamics in t h i s  subject during tilts revealed that the de- 
crease inthesystolic ratio could not be maintained in the upright posture, and 
perhaps this was one of the factors that led to the subjective and objective mani- 
festations of impending syncope. 

B. The e f f e c t  o f  14 d a y s  o f  b e d r e s t  

The serial evaluation of the vital signs suggested a slight trend upward of 
the heart rate which was more manifest in the second period of this study. An es- 
tablishment of the statistical significance of this trend i s  contingent upon a pend- 
ing regression analysis of the data. 
agreement with the findings of others. 1,2 

If the impressionis confirmed i t  w i l l  be i n  

The changes observed inthe duration of the cardiac cycle and its phases 
suggest that the experiments of this study produced a situation of adrenergic pse- 
ponderance, which was very evident on the days of intensive monitoring and 
which reversed immediately after cessation of confinement to bed. The urinary 
excretion of metabolites of catecholamines was increased throughout the two 
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I 
periods of the second study of fourteen days of bedrest. 
excretion occurred in the daytime hours, thus suggesting a higher adrenergic acti- 
vity than at night. This probably accounts for the shorter duration of the phases of 
the cardiac cycle and for the lower values of the systolic and isotonic ratios i n  the 
evening sessions of monitoring. The "rebound" after bedrest may represent a 
cholinergic type of reaction which was clearly evident in the prolongation of the 
systolic and isotonic ratios, whi le it did not affect the pulse rate or the blood pres- 
sure values. The shortening of the duration of systole and i t s  phases in the course 
of bedrest i s  an effect opposite to the prolongation brought about by a long term 
program of physical training5 or by the administration of antiadrenergic drugs 
such as Rauwolfia derivatives. 17, 18 

The highest rates of 

Since monitoring was done less frequently in the second period of bedrest 
(with isometric exercises), i t  i s  impossible to establish a day-by-day test of signi- 
ficance between the differences of the average values obtained in the two periods. 
Nevertheless, when monitoring was done at corresponding times, the lower values 
of the second period were statistically significant both for the systolic and isotonic 
ratios (p < 0.05). This suggested that in the second period there was an even 
greater adrenergic response than in the first. These results are also in perfect 
agreement with the observations of the first study when the systolic and isotonic 
ratios were lower during the days of bedrest w i t h  isometric exercise. These obser- 
vations suggest that isometric exercises introduce a constellation of circumstances 
which contribute to the degree of adrenergic response. 

The increase i n  the pulse wave velocity i s  not surprising if there was an 
adrenergic response throughout the period of bedrest. The peak reached during 
the days of intensive monitoring may indicate an even stronger reaction at this 
time. Presumably an adrenergic response should increase the peripheral resistance 
and cause higher velocities of the propagation of the pulse wave through the arterial 
tree. The values of the pulse wave velocity before the second period of bedrest 
were comparable to those before the first period, but the rise immediately after con- 
finement to bed was more marked and significantly higher in the second period 
(p < 0.05) when a program of isometric exercises was carried out. 
are also in agreement with lower systolic and isotonic ratios observed in this 
second period. 

These findings 

CONCLUSION 

The results of this study, which was aimed at determining the variability of 
the vital signs and circulatory dynamics during bedrest, showed that there were no 
obvious signs of circulatory "deconditioning" when bedrest lasted for 72 hours. There 
were circadian fluctuations i n  the duration of the various phases of the cardiac cycle, 

17 



and i t  was concluded that under the conditions of this study, the subjects were slightly 
undersympathetic stimulation. 
study when a program of isometric exercises was introduced as an added variable. 

This was more manifest in the second period of the 
* 

When bedrest was prolonged for a total of 14 days, the observations were in 
agreement w i th  those of the first study, although there was a trend for the blood 
pressure to increase throughout the period of confinement. Circadian rhythms in the 
cardiac dynamics were also detected. The values of the systolic and isotonic ratios 
and of the pulse wave velocity suggest a slight degree of stress under the conditions 
of the experiment. The introduction of a program of isometric exercises during con- 
finement to bed produced also changes in cardiac dynamics which are strongly sug- 
gestive of a greater reaction of sympathetic stimulation. 
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